Abstract-In order to enhance the efficacy of the prosthetic and orthotic robotic devices controlled by surface electromyography (sEMG) signals, muscle activity detection algorithms need to be independent of the amplitude variation in the sEMG signal to make these devices more feasible and reliable for the disabled people. A new algorithm has been developed to detect the presence of muscle activities in weak and noisy sEMG signals. The algorithm does not employ any amplitude features in the detection process and employs only frequency features of the sEMG signal; therefore it is amplitude independent and can detect muscle activities in signals that have low signal to noise ratio. A new zero crossing technique has been developed as a new frequency feature called the Adaptive Zero Crossing (AZC) which is used to minimize false alarms and enhances the detection process. This new feature in addition to the mean of the Mean Instantaneous Frequency (MMIF) of the signal is used to detect the presence of the muscle activities in the sEMG signals.
I. INTRODUCTION
Electromyography (EMG) is the electric signal that is responsible for controlling the movements of the muscles. It is called surface electromyography (sEMG) when collected by surface electrodes. sEMG signal is a weak signal with amplitudes of less than 5mV and has a frequency range of 6-500Hz with the dominant power in the range of 20-150Hz [1] . It is a stochastic signal and highly influenced by noise sources like power line interference, radio transmission, cross talk interference from other muscles signals, artifacts noise generated by movements of the electrodes and their cables [2] . Many factors affect the amplitude of the sEMG signal like the electrodes location, electrodes movements, electrical impedance of the skin, thickness of the tissue, fatigue and sweat, thereby the sEMG signals differ from time to time and from person to person [3, 4] . Nevertheless, the sEMG signals are widely used as a control signal in prosthetic and orthotic robotic devices because of the direct correlation between these signals and the movement intention in addition to their easy access [5] .
Most of the traditional methods used to detect the muscle activities compare the envelope of a rectified sEMG signal with a predefined threshold which is computed according to the maximum voluntary muscle contraction of the person. This threshold must be adjusted for each person and for each time the sEMG sensors don and doff. To overcome this problem, many algorithms with adaptive threshold have been developed in the recent years to enhance the detection of the muscle activities from the sEMG signals. Andrea et al. [6] have developed a muscle activity algorithm based on continuous wavelet transform. By using Teager Kaiser Energy operator (TKEO), Xiaoyan et al. [7] have proposed a method to detect the muscle activities in the sEMG signals, and then Amanpreet et al. [8] have improved the TKEO by using adaptive threshold. Also, Dapeng et al. [9] have used the TKEO with image enhancement technology to develop muscle activity detection method. Xu et al. [10] have employed sample entropy (SampEn) analysis to detect the muscle activity against the spurious spikes in sEMG signals. Qi et al. [11] have improved the maximum likelihood (ML) method by using adaptive threshold technique based on SNR estimation to develop a muscle activity detection algorithm. Jie. et al. [12] have developed a muscle activity detection method by using EMG burst presence probability (EBPP) with the hidden Markov model (HMM) in the time-frequency domain. By using integrated profile method, J. Liu and Q. Liu [13] have developed a muscle activity detection method in the presence of the spurious background spikes. However, most of these algorithms still fully or partially depend on the amplitude characteristics of the sEMG signals which impede them to be a practical controlling method for robotic devices applied to disabled people especially with the weak and noisy sEMG signals.
This paper presents a new muscle activity detection algorithm for the weak and noisy sEMG signals. The algorithm employs only frequency characteristics of the sEMG signal. A new zero crossing feature has been developed which is called the Adaptive Zero Crossing (AZC). The new AZC feature takes the average of the number of times that the signal crosses the zero volts (ZC) and the number of times crosses the standard deviation (SD) of the signal. In order to further reduce false alarms and highlights the presence of the muscle activities, another frequency feature is used which is the mean of the Mean Instantaneous Frequency (MMIF). The experiments were conducted on two forearm muscles of a healthy subject in real time processing.
II. MATERIALS AND METHOD

A. Hardware setup
The sEMG signal from forearm muscles was collected and amplified by using the MyoWare Muscle Sensor from Advancer Technologies which was operated from 3V battery. Two forearm muscles were used in the experiments, Flexor Digitorum Superficialis which is responsible for fingers flexion and Extensor Digitorum which is responsible for fingers extension. The analog raw sEMG signal was converted to digital signal by employing the NI USB-6001 data acquisition device (DAQ) from National Instruments with a sampling rate of 1000 samples per second. The digital signal was transferred to a PC through a USB connection to process it in real time by using the detection algorithm developed in LabVIEW program. The hardware setup that was used in the experiments is shown in Fig. 1 .
B. Muscle Activity Detection Algorithm
An amplitude independent algorithm has been developed to detect the presence of the muscle activities in the sEMG signals that have low signal to noise ratio. The flow diagram of the algorithm is illustrated in Fig. 2 . Firstly, the digital input samples are segmented into blocks of samples that have 100 samples per each segment. Each segment is filtered by a 2 nd order Butterworth IIR Band Pass Filter (10Hz -450Hz) to remove the DC component, artifact noise and high frequencies noise. Then the signal is filtered by a notch filter to remove the 50Hz power line noise. To detect the presence of the muscle activity, a new Adaptive Zero Crossing (AZC) feature is extracted for each segment from the sEMG signal by taking the average of two numbers; first number is the number of times that the signal crosses the zero volt line (ZC) and the second number is the number of times that the signal crosses the standard deviation (SD) line of the signal. The detection is achieved by comparing this average number with a predefined threshold number which represents the sensitivity of the detection algorithm. This new feature was developed to minimize the false alarms occurred when using the traditional Zero Crossing (ZC) feature in the detection process by reducing the fluctuations in the ZC line as shown in Fig. 3 . In addition, AZC enhances the muscle activity detection process as shown in Fig. 4 .
To further enhance detection efficacy, a second frequency feature is extracted from the sEMG signal which is the Mean Instantaneous Frequency (MIF). For each segment, the MIF is calculated by using the Gabor expansion-based method, and then the mean of the MIF (MMIF) is calculated over each segment. It is noted that the average of the MMIF is above 200Hz for no muscle activity period and below 200Hz for the muscle activity period, therefore the MMIF number is divided by 200 to be greater than one for no activity and less than one for the activity. Then the result is multiplied by the AZC number to increase it during no activity period in order to further minimize false alarms and decrease it during the muscle activity period to accentuate the presence of the muscle activities. Therefore, the muscle activities are reported when the value of ((MMIF/200 × AZC) is less than the threshold value (25 was chosen as a threshold value) as shown in Fig. 5 and 6 . The threshold value is chosen as a compromise between reducing false alarms and increasing sensitivity of the algorithm. 
III. DISCUSSION AND CONCLUSION
The prosthetic and rehabilitation devices controlled by sEMG signals have earned a lot of attention in the last decade because of the advantages of this controlling paradigm, for instance, direct mapping between motion intention and movement of the limb in addition to low time delay between human intention and movement of the device. To make these devices more feasible and practical for disabled people, problems that impede such devices to be commercially available have to be solved. One of the most important problems is the amplitude changing of the sEMG signals due to many factors like the movement of the sensors during limb movement or during don and doff. For people inflicted with limb impairment after stroke or any other cerebral disease, the sEMG signals are weak and have low signal to noise ratio. Therefore, the muscle activity detection algorithms need to be more reliable with the low SNR signals and does not depend on amplitude of the signal in the detection process.
A real time algorithm that detects the presence of the muscle activities in low SNR sEMG signals has been successfully developed. It is not affected by the amplitude variations of the sEMG signal because it utilizes only frequency features of the signal. The algorithm employs a new developed zero crossing method called Adaptive Zero Crossing (AZC) to enhance the detection process and minimize false alarms associated with the using of the conventional zero crossing feature alone. To increase the accuracy of the detection process, the algorithm employs another frequency feature of the sEMG signal which is the mean of the Mean Instantaneous Frequency (MMIF). The efficacy of the algorithm was evaluated on a healthy subject by using sEMG signals obtained from two forearm muscles responsible for fingers flexion and extension in real time processing.
For future work, the algorithm will be validated on hemiparesis stroke patients to enable the employment of this algorithm in the controlling software of the robotic orthotic devices in order to assist the patients during activities of daily living and rehabilitation.
